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Overview

- Market structure

- Demand Frontiers (quantity-price barriers)

- Value Surfaces (sustainable prices based on features)
- Costs go up with added features (more to build), down with increasing quantities (learning)

- Cost, Value, and Demand form 4D market structures

- Mismatched features
- Offering too little can result in product failure
- Providing too much leads to insufficient sales

- Perfect Cost estimates can lead to program failure if Value & Demand not understood

- Relaxing (missing) requirements you don't need in favor of those you must have l

enables contractors and customers to make quantity targets
Y, \\\/\.‘a
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Market Structure




Pres

Demand Frontiers

In 2019, both Fiat and Crypto
currencies demonstrated
statistically significant
Demand Frontiers, the
market’s outermost reaches

Fiat’'s Upper Demand Frontier
represented a price limit 510

Form

Fiat's Outer Demand Frontier
‘was a quantity/saturation limit

)

- Assingle Demand Frontier 3¢
captured both effects for
Cryptocurrencies in 2019

2021

ine Workshop - www.iceaao

urrency

com

Markets

N
~“€mand

“rontj

(Y
I,

er (?é,
K

wati Dinar

UK PoundEu
N SD

Swiss I;ra‘lc PN
[l 4

)
OO

O Chinese Yuan

©

s @
Q@Ca

o
tano °
roni)?

V\ Oé
O Indian Rupee

O ; e ©
5 O o®
Dogecoin

O

o
. Korean
o

Indo

nesian Rupiah © ‘\

Iranian Rial




resentgd for the ICEAA 2021ﬁnllrp Workshop -

Currency Value Suifaces Prime Rafe€ Volume @

Markets abide by The
Law of Value & Demand $10.00 m $10.00 %

1. Features drive Value

2. Value drives Price $1.00 #L00

3. Price determines $0.10 $0.10
Quantity sold '

4. Quantitysoldisa  Price ¢4 4, Price  $0.01
feature

$0.001 $0.001

Value is whatever
- customers say it is

$0.000 $0.0001

Foreign

' Foreign Exc. Res.

Exc. Res.

' ($M) ($M)
\
106 108
Io:o" 1015 'Yore 10's
Volume 10" | g0 Vol 10 oo ;




Different Markets Mdy Abide By $dme Frontier @

Satellite/UAY Demand Frontier

$10,000.00
SO GOES-R ® UAVs
Satellites and Unmanned Air $1,000.00 AA A Sats
Vehicles (UAVs) perform the NO AA:N'-..GPS IIR = Frontier

same function and thus face ... Global Hawk
the same Demand Frontier $100.00 MQ-8B Fire.SCC.)"L'lt.,..

®  e@.Reaper
N MQ-8C Fire Scout
Predator®g@Scan Eagle

Starlink 0.9 A Shadow ..
Starlink | & A " Starlink 3

Starlink 2 ™.,
$0.10 R

Raven @

$1.00

2021%$/Unit

$0.01
100 1,000 10,000 100,000
Quantity




Business Aircraft Have Upper & Oufer Limits o

Business A/C Demand 2009-18

e Business Jets

$1,000

The Pilatus PC-12 price is Upper Demand Frontier
below its prediction, enabling =0 ® Turboprops

more sales, but it runs up
against and helps define the
Outer Demand Frontier $100 -

Outer Demand Frontier
100 1,000 »

L

— Quantity



A/C Weight Supporfs Range, Payload;"Adds Value &

RECOMMENDED SET OF AIRFRAME CERs

Equation R SEE F N
777 .894
ENGR = .0103 EW SP .72 .55 13 13
$ 100 (.000) (.000)
\
LTTT L6896
Value (range, pay10ad) TOOL = .0201 EW  SP .82 .25 56 13
100 (.000) (.000)
LB20 484
LABR = ,141 EW sP .88 .31 38 13
C t EW 100 (.000) (.013)
OS ( ) .921  .621
MATL = .241 EW 5P .91 .30 51 13
100 (.000) (.003)
.630 1.30
DS = .0251 EW SP ] .54 .82 6 13
(.016) (.012)
.325 .B22 1.21
FT = 687 EW SP TESTAC B3 .48 15 13
(.032) (.037) (.010)
qc = .076 x LABR if cargo aircraft el R 2 ;
100 100
= .133 x LABR if non-carge aircraft -- == == 11
100
798 L7386
g PROG = 2.57 EW SP .B5 .36 29 13
- 100 (.000) (.003)
E;IEZGE NOTES: Statistics in right-hand columns are coefficient of determination,
standard error of estimate (logarithm), F-statistic, and sample size.
" Numbers in parentheses are significance levels of individual variables.
DS = development support cost (thousands of 1977 dollars) —
ENGR = cumulative engineering hours for 100 aircraft (thousands)
< 100
Projects should calculate Cost, Value, & Demand A
FT = flight test cost (thousands of 1977 dollars)
LABR = cumulative manufacturing labor hours for 100 aircraft (thousands)
100
HATL = cumulative manufacturing material dollars for 100 aircrafr

100 (thousands of 1977 dollars)
cumulative quality control hours for 100 aircraft (thousands)

"

QC
100

Size, as Empty Weight (EW), and Speed (SP) adds cost FROG = cumulative tocal progren cost for 100 aizcrate 100
SP maximum speed (kn)

iv = TESTAC number of flight test aircrafc
TOOL 100 cumulative tooling hours fer 100 airecraft (thousands)

Source: https://www.rand.org/content/dam/rand/pubs/notes/2005/N2283.1.pdf
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Cost Falls With Add Uantifies 50 To Learning 8
F-35A Deliveries, Ave 2021 $M

0=

Since Demand and -&-

Costs fall with
quantities built, we
should compare these
curves to see if they
might intersect, and,
if so, at which point
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3D Value Spaces &2D'Demiditd-PlahesForm 4D Systems /&m

Data from July 12, 2019 INC
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Here are 45 fiat T~

currencies from
July 2019: Value
and Demand
forces apply to
all markets
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Companies Soméfimes Sffer nadégqudte Features @8
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DelLorean HP, $, vs. Competition

@ Porsche
911SC

The DeLorean entered the market in 1981 $30,000

$25,000 DelLoreanQ
BMW 528i
) ®Mazda RX-7
$20,000 Audi 5000 Turbo \. _—Saab 900 Turbo

o ® Datsun
$15,000 280ZX
Turbo

)
e
L
(«
o
o

$10,000

$5,000

$0
150

Horsepower

Its appearance created some sales, but...

It asked lots of money for little horsepower & went bankrupt



Delorean Missed GCosf, V

1981 Value (sustainable price) =

$31 13 * HP0-654 * Qty-0.175 * o

Based on this Value equation, in
order to reach their quantity
target, DeLorean should have
increased their horsepower
from 130 to over 260

Because of fiascos like these,
many firms overreact and offer
products with too many
features, which limits Demand
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$35,000

$30,000

$25,000

$20,000

$15,000

$10,000

$5,000

$0

2021.0nline Work

alue,

Delorean history

Porsche 924
O Saab 900 Turbo

-

Pegeot 505S Fo)

Toyota
Supra

5,000 10,000 15,000

1981 Quantities Sold

20,000

& Bemand Targets ,Q

MEE
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1981 Car Sales vs. Demand Frontier

25,000




Product Demand Curves Form Demand Frontiers

The Quantity term in the
previous equation forms a
Product Demand Curve: If a
given model is popular
enough, will eventually help
form the Demand Frontier

1981 Price

gMEE

“INC

Product Demand/Demand Frontier

$60,000
911SC Product Demand 1981 Car

$50,000 Demand

Frontier
$40,000

$30,000

$20,000

$10,000

528i Product Demand

2,000 4,000 6,000 8,000 10,000
1981 Quantities Sold >
# i

$0



Product Demand May In

$60,000

$50,000

$40,000

$30,000

)
=
<
o
o
(o )}

$20,000

$10,000

$0

BMW 528i Demand vs. Cost

2,000

T e

4,000

BMW 528i

6,000

8,000

1981 Quantities Sold

The BMW 528i likely had a learning curve less than 88%:
sales stopped as it reached the market’s Demand Frontier

10,000

021 Online Worksif)p

ersec

= www.iceaaonling,com

Learning Curve

MEE
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Model T Costs & Prices

Source: Abernathy & Ward, 1975
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Millions

Ford’s data showed that its Model T Learning Curve
met its Product Demand Curve after 15 million units

1
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Let’s Examine The Fighter/Bomber/AH

1957- | 2021 2021 Max
Max PL
2016 |Devmt (Flyaway T Range
s
| Qty | $B $M | | | miles | |

ack Market ,Q( MEE

“INC

B-52H
B-1B
AV-8B
F/A-18AD
F/A-I8EF
F-ISAE
F1I7A
F-16AD
F-22

B-2

A6
A-10

F-14 Note that adding
LU other Western Bloc

F-4 )
"y vehicles would

‘ = make the database
A4 more robust
F-5 |
F-35A L
F358

F-35C R




This Market Has A Demand Erontier Too #R

Highly correlated
(Adj. R?=98.6%, P-
value 5.30E-08, Std.

Error $37.3M) this
curve has a Slope of
-0.732; its unbiased
Intercept is $11.9B

Trying to beat the
Frontier is hard

AskVs.Actual

Ask m Actual
800 750

1000

600

400

200 132 187

21

B-2 F-22

1957-2021 Bomb-dropping Aircraft

» $10,000
C e 2021 Frontier
.
Z $1,000
9
\°]
> $100
LL
7.9
o
<  slo
”
$1
10 100 1,000 10,000 _
Quantity ..
/ NN - aii



Frontier ChangedTittie Since 1994 """ R

S« INC

1957-2021 Bomb-dropping Aircraft

10,000
[n 25 years, the g ’ e 2021 Frontier
Constant dropped o
by 2.1% while the — B.2 1996 Frontier
slope fell by 1.2% f $1.000
3
2 $100
2=
L
&
N
S $10
(o)
>
$1
10 100 1,000 10,000

Quantity

V4 NN WBasl



The B-21 Target Lies Beyond The Bemand Frontier @8

INC

The further the 1957-2021 Bomb-dropping Aircraft

$1,000

target is from the %, .
Frontier, the lower g ® 2021 Frontier
the chances of = 1996 Frontier
attaining it: Its 3 B-21 B.7 |
target is > 5 std.
deviations above
Demand Frontier E‘
3
e
L.
&
o
Q
o~
F-14
Q
$100 o F-52
10 100 1,000

Quantity

V2 NN e



B-21 Target $ Supports Fewer A7C fhan Desired @
1957-2021 Bomb-dropping Aircraft

* $1,000
g ® 2021 Frontier
The Frontier only = 5) B9 1996 Frontier
= ' B-2
supports 57 of the
desired 100 units
at the Target Price S,
\J
8
2>
L
\ 22
o
=)
(@)
F-14
$100 © F-52
10 100 1,000

Quantity

Y4 NN el



Frontier Has More Revenue At 100 Units Than 57 &=

S« INC

1957-2021 Bomb-dropping Aircraft

" $1,000
- e 2021 Frontier
The added revenue g 1996 Frontier
for less expensive o= B-21
planes is because of 2 57 *$615M = $35.0B 22
the Demand
Frontier slope, .
which is > -1.0 g 100 * $407M = $40.7B
(]
e
Ll
&
(o
(=)
N
F-14
$ I 00 OO F-52
10 100 1,000 |

Quantity |
/ NN Wavl



The Database Seems 1o Agree With KAND

The Empty
Weight exponent,
0.7711, is in line
with the RAND
equations (from
Slide 8); note the
highly negative
Quantity term,
forming steep
Product Demand:
it it were a

Learning Curve, it
would be 73.5%

B
File About

Database | Scatterplot Model | Analyze | Demand | 4D Plot.

Multidimensional Economic Evaluators MEE4D

P8 MEE

- INC

o |

Saved Equations INDEP VAR CHOICES INDEP VAR SELECTIONS
Var Name DV Correl Variable Name DV Correl
Delete Current Eqn MTOW | 60% ~ Empty Wt | 67% ~
Max R | 57% 57 to 21 Qty | -30%
_ . " . . . - Max Fuel Wt | 53%
2021 Flyaway SM =0.358865 “Empty Wt"+0.7711 "57 to 21 Q*-0.4438 (incl Ping Factor) v Max PL 1bs | 48%
PLxR | 45%
stlth 1N2Y | 44%
: " Engs | 39%
Dependent Variable Selection Crew | 28% -
Intro | 25% <~
Years | -25%
2021 Flyaway $M v Time Aloft | 25%
Car IN2Y | -9%
Max MPH | 8%
Max Alt | -5%
Regression Type *Aircraft -Not Numeric
Power [Y = aXb] v
v v
CLEAR SELECTIONS SAVE EQUATION VIEW FULL REGRESSION RESULTS
Include Ping Factor
Sneak Peek
Equation: 2021 Flyaway $M =0.358865 *Empty Wi*+0.7711 *57 to 21 @*-0.4438 (inc Ping Factor)
Copy Equation
Equation Statistics
R% Adj 2 Pearsons 2: 94.4% CV: 62.0% MAPE: 37.4% F-Test: ok
R
Term P-Value Test Results
Empty Wt: ok 571021 Q: ok
Num Observations: 24 Residual Degrees of Freedom: 21
Residuals
Unit Space Residuals []Standardized Residuals
200
[e]
o o
01— o o o o o o o o o o o o o 5 5 o o —
o
-200 — —
-400
0 5 10 15 20 25
Data Filtering
Filtering Enabled Plot Highlight Variable Filter Value Delete?
O Aircratt v = v O Apply
New Filter
File: Bomber Database with Frontiers Rev 2.xIsm Using 24 data points out of a possible 24 22
i .. Y T A ¥ O



Quantity Term Reveals Producf Demand Curves @«

The Product . -
Do Cumas 10,000 1957-2021 Bomb-dropping Aircraft
suggest that if Vi e 2021 Frontier
the USAF keeps 0 1996 Frontier
their B-21 Target E B.|

figure, they may
run afoul of it at
even fewer units

Limit B-2|1 Prod Demand
—Target B-2| Prod Demand

§~ $1,000
@
>
L
&
N
=)
N -14 ,
$100 “B-52
I 10 100 1,000
Quantity



Empty Weight C

Since Payload
and Range are
correlated, we
use their product
to see if that
predicts Empty
Weight well,
which it does

&
File About

omes

rom
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Multidimensional Econemic Evaluators MEE4D

d Payload

R

Database | Scatterplot| Model | Analyze | Demand | 4D Plot

N

Saved Equations INDEP VAR CHOICES INDEP VAR SELECTIONS
Var Name DV Correl Variable Name DV Correl
Delete Current Eqn MTOW | 99% - PLxXR | 93% ~
Max Fuel Wt | 97%
Max PL 1lbs | 95%
Empty Wt =0.307458 "PLxR*+0.6653 Max R | 88%
Engs | 87%
Crew | 84%
3 5 2021 Flyaway $M | 67%
Dependent Variable Selection Time Aloft | 33% -
57 to 21 gty | -26% =
Car 1N2Y | -15%
Empty Wt Stlth 1N2Y | 11%
Max Alt | -9%
Max MPH | 7%
Years | %
Regression Type Intro | -7%
*Aircraft -Not Numeric
Power [Y = aX"b]
v v
CLEAR SELECTIONS SAVE EQUATION VIEW FULL REGRESSION RESULTS
[vlInclude Ping Factor
Sneak Peek
Equation: Empty Wt =0.33075 *PLxR"+0.6653 (incl Ping Factor)
Copy Equation
Equation Statistics
R% 87.3% Adj 2: 86.8% Pearsons 2: 90.9% CV: 352% MAPE: 28.9% F-Test: ok
R
Regression Term P-Value Test Results
PLxR: ok
Num Observations: 24 Residual Degrees of Freedom: 22
Residuals
Unit Space Residuals ["] standardized Residuals
50000
o
[} o °
o
- o o (o] —
0 s} o] fo) o ) o o o o] 5 e}
o
[0}
-50000 o ‘ ‘ ‘ |
0 5 10 15 20 25
Data Filtering
Filtering Enabled|Plot Highlight] Variable Filter Value | Delete? |
O [ At v - v Apply

New Filter

File: Bomber Database with Frontiers Rev 2.xIsm Using 24 data points out of a possible 24

82/ 7/
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Relaxing Requirements




Rescaling The B-21'F

Exp

Exp

for the ICEAA

rom

the

\/Prkshop - wwyv.iceaaonline

revious Equation  #u

For $615M $615 = 0.3589 * Wt A 07711 * 100 "N -0.4438
$13,230 = Wt A 0.7711
Ln $13,230 = 0.7711 Ln Wt
Ln  $13,230 / 0.7711 = Wt
221,000 = Wt
For $407M S407 = 0.3589 * Wt A 07711 * 100 N -0.444
$8,755 = Wt A 0.7711
Ln $8,755 = 0.7711 Ln Wt
Ln $8,755 / 0.7711 = Wt
130,000 = Wt
This analysis only addresses the scale of the model, suggesting it should be [

40% smaller — It does not address its other features; stealth adds significant cost

-

/ \\\/\\;



From The Equation, Wé Know The Following B
Empty Weight From Payload & Range

90,000

80,000 150,000 Ibs
140,000 Ibs
130,000 Ibs
60,000 120,000 Ibs

70,000

These are the resulting
Range/Payload options

50,000 10,000 Ibs
100,000 Ibs

L2
v
=
S
(e
o
v
@
S
>
©
o

40,000

30,000

20,000
2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

Range Miles




Financial Catscans Enabie Optimizatfion Early On @8

Plot Demand Points Bin & Sum Regress Find Frontier Find a Gap
Add Value Space Target Area  AddValue Add Section Cuts
& Cost Constraints
For this exercise, the
Value S.pace points Value
were omitted, as were Demand S
all Cost points in
Value Space and on .ﬁ{ﬁ?;’; =3 >| | Pemand Foints KLW S)
the Demand Plane I / ‘——“Ema e
SE?fg Ee =] > Aggregate Demahd ’
Programs can optimize Financial °.
from the Demand CAT scans
Plane, as shown here, 14 & '_ i
or in Value Space, @%Q" : /| | : — .
using Gap Analysis Profit Coct i — & : .| o e
(not shown) P :/ = s Ncreasing Quantities—
for S0 B &
C S (‘Q
Feature B Solve for Profit or Quantity It - .

Then Determine Configuration 28;

k. . T A T _d
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Summary B

- Market structure includes Cost and
- Demand Frontiers (quantity-price barriers)

- Value Surfaces (sustainable prices based on features)

- The interaction of these forces determines program viability
- Mismatched features leads to program failure

- Relaxing requirements enables
- Military force targets

- Commercial sales goals
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Contact Information

« Email: dhowarth@meevaluators.com
- Cell: 661-713-7531



mailto:dhowarth@meevaluators.com

	�Doug Howarth, MEE Inc.
	Overview
	Market Structure
	Demand Frontiers Form In Currency Markets
	Currency Value Surfaces: Prime Rate & Volume
	Different Markets May Abide By Same Frontier
	Business Aircraft Have Upper & Outer Limits
	A/C Weight Supports Range, Payload; Adds Value 
	Cost Falls With Added Quantities, Due To Learning
	3D Value Spaces & 2D Demand Planes Form 4D Systems
	Mismatched Features
	Companies Sometimes Offer Inadequate Features
	DeLorean Missed Cost, Value, & Demand Targets 
	Product Demand Curves Form Demand Frontiers
	Product Demand May Intersect Learning Curve
	Let’s Examine The Fighter/Bomber/Attack Market 
	This Market Has A Demand Frontier Too
	Frontier Changed Little Since 1996
	The B-21 Target Lies Beyond The Demand Frontier
	B-21 Target $ Supports Fewer A/C Than Desired
	Frontier Has More Revenue At 100 Units Than 57
	The Database Seems To Agree With RAND
	Quantity Term Reveals Product Demand Curves
	Empty Weight Comes From Range and Payload
	Relaxing Requirements
	Rescaling The B-21 From The Previous Equation
	From The Equation, We Know The Following
	Financial Catscans Enable Optimization Early On 
	Summary
	Contact Information



